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ABSTRACT 

HSER 5910 

This repor t  summarizes the r e s u l t s  of a t e s t  conducted t o  
determine the noise cha rac t e r i s t i c s  of a STOL wing with 
ex terna l ly  blown f l aps  i n  the v i c i n i t y  of an a i r c r a f t  
propulsor. The STOL wing used fo r  these t e s t s  was a 
0.43 sca le  model with 60" and 0" f l a p  capab i l i t i e s ;  however, 
t h i s  wing system was not an optimum configuration, nor was 
it  representat ive of a l l  STOL wing/flap systems. 
propulsor used was a low t i p  speed, high bypass r a t i o ,  low 
pressure r a t i o ,  var iable  p i t ch  Prop-Fan Model. Far f i e l d  
noise data and d i r ec t iona l  character were determined f o r  a 
60" and 0" f l a p  configuration. 
character of the 2 1  inch diameter Prop-Fan Model without 
the STOL wing w a s  evaluated. 

The 

I n  addi t ion,  the noise 

v/vi 
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I n  order t o  develop information r e l a t ed  t o  the noise cha rac t e r i s t i c s  of a 
model STOL wing With ex terna l ly  blown f l aps  i n  the v i c i n i t y  of an a i r c r a f t  
propulsor, a noise t e s t  has been conducted on a Prop-Fan/STOL Wing model a t  
NASA Langley, Hampton, Virginia .  
blown f laps  on the l e v e l  and d i r ec t iona l  character of the noise produced 
within the fan shroud, and the l e v e l  and d i r ec t iona l  character of the noise 
generated by scrubbing and in te rac t ion  of the high veloci ty  j e t  wake from 
the propulsor with the STOL wing and f l a p s  i s  discussed i n  d e t a i l .  

The model t e s t ed  consisted of a 0.43 scale  STOL wing with f laps  s e t  a t  60" 
and 0" mounted aft of a 21  inch diameter, 12 bladed Prop-Fan model with 
22 s w i r l  recovery vanes. The Prop-Fan model was o r ig ina l ly  designed for  
wind tunnel performance t e s t i n g  and incorporated no noise reduction 
features  except for  the use of 22 recovery vanes t o  suppress the tone l eve l  
a t  the blade passing frequency. In  t h i s  program an ex is t ing  Prop-Fan t e s t  
f a c i l i t y  was used which precluded optimization of the Prop-Fan/STOL wing 
sys tem. 

The e f f e c t  of the STOL wing and ex terna l ly  

The noise t e s t s ,  which were conducted under control led f ree  f i e l d  conditions, 
included rneasurements of far f i e l d  and d i r ec t iona l  cha rac t e r i s t i c s  of the 
Prop-Fan/STOL Wing model f o r  the 60" f l a p  ( se t t i ng  which would be used 
during landing of a STOL a i r c r a f t ) ,  0' f l a p  ( f l a p  re t rac ted  f lush  with the 
wing sur face) ,  and no wing configuration, a t  various combinations of power 
(from 73 t o  208 HP) and fan  t i p  speeds (from 600 t o  800 f t / s ec )  . 
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Based on the  r e s u l t s  of the Prop-Fan/STOL Wing noise t e s t  the following is  
evident : 

1. 

2. 

3. 

4.  

5. 

Maximum perceived noise and ove ra l l  sound pressure propagates 
a t  an angle of 40" t o  70" from the Prop-Fan e x i t .  

I n  the scale  of the model t e s t ed ,  the maximum 10 foot  f lyover 
noise var ies  approximately 6.5 dB per doubling of shaf t  power 
f o r  both ove ra l l  SPL and PNL f o r  a l l  wing and f l a p  configurations 
t e s t ed .  

The in te rac t ion  of the Prop-Fan j e t  wake with the STOL Wing 
produced scrubbing noise even with the f l aps  f u l l y  re t rac ted .  
This is  shown by an increase i n  the low frequency (112 t o  449 Hz) 
noise by as much as 12 dB with the f laps  s e t  a t  0". I n  
addi t ion,  extending t h e  f l a p s  t o  60" increased the l e v e l  of 
low frequency noise by as much as 20 dB. 

The STOL Wing with extended f l a p s  increases the masured 
Prop-Fan 10 foot  f lyover noise by an average of 3.5 PNdB 
while the r e t r ac t ed  f l a p s  increased the 10 foot  f lyover 
noise by an average of 2.8 PNdB. 

The i n s t a l l a t i o n  of the STOL wing and f l aps  causes a change 
i n  the Prop-Fan tone noise l e v e l  and d i r e c t i v i t y .  

2 
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It i s  recommended t h a t  fu r the r  t e s t s  be conducted t o  determine 
the e f f e c t  on noise due t o  (1) loca t ion  of the  Prop-Fan r e l a t i v e  
t o  the wing, (2)  d i r ec t ion  of fan  f l a w  r e l a t i v e  t o  the  wing and 
( 3 )  f l a p  s e t t i n g ,  

3 
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DESCRIPTION OF TEST 

TEST ITEM 

The t e s t  item consisted of a 0.43 scale  STOL wing model with 60" and 0" 
ex terna l ly  blown f l a p s  as shown on Figures 1 and 2, mounted above and a f t  
of a 21 inch diameter, 12 bladed, manually adjustable  p i t ch ,  shrouded 
Prop-Fan model with 22 f ixed p i tch  recovery vanes. The Prop-Fan ro to r ,  
which i s  shown i n  Figure 3,  was an ex is t ing  wind tunnel  model which w a s  
designed f o r  950 f t / s ec  t i p  speed, 400 HP, 0.20 f r e e  stream Mach Number 
and a ro to r  pressure r a t i o  of 1.110. 
t o  be t e s t ed  a t  s t a t i c  conditions a t  700 f t / s ec  t i p  speed, 222 HP 
condition. The Prop-Fan shroud was a bellmouth type designed f o r  
unseparated inflow during s t a t i c  conditions.  The only noise cont ro l  
masure incorporated i n t o  the system was the use of 22 s t a t o r s  t o  promote 
decay of ro to r / s t a to r  i n t e rac t ion  tone noise.  
t h a t  the distance between the t r a i l i n g  edge of the ro to r  blades and the 
leading edge of the s t a t o r s  was equal t o  two blade chords a t  the mean 
radius .  Figure 4 shows the  Prop-Fan/STOL Wing i n s t a l l a t i o n .  

The recovery vanes were designed 

These were located such 

TEST FACILITY 

The t e s t s  were conducted on a l eve l  grass  covered f i e l d  adjacent t o  
Building 1212 a t  Langley Research Center, Hampton, Virginia .  
t e s t  program the Prop-Fan was driven by an e l e c t r i c a l l y  powered Propeller 
Test Rig (PTR) normally used for  aerodynamic t e s t ing  i n  the United Aircraf t  
Wind Tunnel. It should be noted tha t  the i n s t a l l a t i o n  was such t h a t  the 
Prop-Fan i n l e t  a i r  was drawn over the PTR which i s  opposite from the 
i n s t a l l a t i o n  of Reference 1, which provided a cleaner inflow fo r  Prop-Fan 
noise evaluation. The ax is  of ro t a t ion  w a s  approximately 11.5 f e e t  above 
the ground and the t e s t  a rea  was f r ee  from obstructions within 100 f e e t  of 
the t e s t  item. Six far f i e l d  microphones were located 10 f e e t  from the 
Prop-Fan, 1 1 . 5  f e e t  o f f  the ground, a t  22.5 degree in t e rva l s .  I n  
addi t ion,  one microphone was located on a boom capable of t ravers ing 
continuously from 0-150" on a 10 foot  a r c  as shown i n  Figure 5. The 
t ravers ing speed was  held i n  most cases t o  approximately 0.5" per 
second. 

During the  

INSTRUMENTATION 

The following equipment was used fo r  the  program: 

A. Data Acquisit ion 

1. Eight Bruel and Kjaer type 4133 microphones with f la t  response 
t o  40 f(Hz a t  normal incidence. 

2. Eight Bruel and Kjaer type 2614 cathode followers.  

4 
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3. Three Bruel and Kjaer type UAOO52 nose cone wind screens. 

4. Two Bruel and Kjaer model 140 four channel s igna l  conditioners.  

5. Hewlett Packard model 15117A microphone ca l ib ra to r  providing a 
1 KHz s igna l  a t  94, 104, 114, or 124 dB k0.3 dB. 

6 .  CEC model VR3300, one inch, 14 channel, d i r e c t  record tape 
recorder with a f l a t  response t o  40 KHz at  1-5 inches per second. 

B. Data Reduction 

1. General Radio type 1921 one-third octave band r e a l  time analyzer.  

2. Spectral  Dynamics type 101 frequency analyzer with s ta t ionary  
and t racking f i l t e r  c a p a b i l i t i e s .  

TEST PROCEDURE 

Prior t o  t e s t i n g ,  the  microphone and power supplies were allowed t o  w a r m  up 
t o  ensure s t a b i l i t y ,  The microphones were then ca l ibra ted  using the Hewlett 
Packard c a l i b r a t o r .  This ca l ib ra t ion  procedure was repeated p r io r  t o ,  and 
following, each s e t  of t e s t s  t o  determine any ca l ib ra t ion  s h i f t s  t h a t  may 
occur during t e s t i n g .  

To ensure minimum in te r fe rence  from background noise and excessive wind 
v e l o c i t i e s ,  t e s t i n g  was r e s t r i c t e d  t o  the hours between 7 PM and 9 AM. 
Furthermore, t o t a l  background noise rreasurements (ambient and e l e c t r i c a l  
no ise)  were made a t  the gain se t t i ngs  used during the t e s t .  

Data was recorded f o r  approximately four minutes for  each of the appropriate 
microphone locat ions i n  addi t ion  t o  the  continuous sweep microphone which 
traversed approximately 120" a t  a nominal 0.5 degree/sec f o r  the t e s t  
conditions of Table 1. 

5 
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INTRODUCTION 

I n  reducing the t e s t  data from t h i s  program, pa r t i cu la r  a t t en t ion  was given 
t o  determining the e f f e c t  of the STOL wing and f l aps  on the in t e rna l ly  
generated Prop-Fan noise l eve l  and d i r ec t iona l  character as wel l  as the 
character of noise generated by the j e t  wake in te rac t ing  with the wing and 
f l aps .  Based on these object ives ,  the sweep microphone w a s  analyzed with 
1/3 octave band f i l t e r s  every 10" of angular t r a v e l  using a four second 
averaging time (which minimizes s t a t i s t i c a l  e r ro r  without obscuring the 
d i r ec t iona l  character of the source).  
I n  addi t ion,  selected data were analyzed with a 40 Hz constant bandwidth 
f i l t e r  t o  allow discrimination between tone and broad band noise .  

This data i s  tabulated i n  Appendix A. 

Appendix B contains a discussion of the  data accuracy with necessary 
correct ions based on data acquisit ion/reduction frequency response, 
microphone frequency response, and t o t a l  background noise.  A summary of 
t e s t  conditions f o r  t h i s  program i s  shown i n  Table 1 while Table 2 gives 
the ambient conditions during the t e s t .  

PERFORMANCE TEST DATA 

Prop-Fan th rus t  ( T )  and sha f t  horsepower (SHP) were determined based on the 
performance information obtained i n  Reference 1. This data is  shown on 
Figures 6 and 7. It should be noted, however, t h a t  no corrections were 
made t o  the  performance data f o r  the difference i n  Prop-Fan or ien ta t ion  
between t h i s  t e s t  program and t h a t  of Reference 1. 

ACOUSTIC TEST DATA 

Based on the  one-third octave band da ta  of Appendix A, the  ove ra l l  sound 
pressure l e v e l  (OASPL) on a 10 foot  radius was determined fo r  each t e s t  
condition. The d i r ec t iona l  character of t h i s  data fo r  the "f laps  extended," 
'?laps r e t r ac t ed  , I 1  and Ifno wing" configuration f o r  each combination of blade 
angle and t i p  speed i s  shown on Figures 8 through 10. 
perceived noise l e v e l  (PNL) as measured on a l i n e  10 f e e t  from, and p a r a l l e l  
t o ,  the Prop-Fan ax i s  of ro t a t ion  ( i . e .  a 10 foot  f lyover ) ,  i s  shown on 
Figures 11 through 13. From these curves it can be seen t h a t  both the 
maximum OASPL and PNL occur 40" t o  70" from the Prop-Fan e x i t  f o r  the wing 
with f l aps  extended, re t racted,and f o r  the no wing configuration. This 
d i r ec t iona l  character was fur ther  ve r i f i ed  by the r e s u l t s  of the Prop-Fan 
model t e s t s  described i n  Reference 1. 

I n  l i ke  manner, the 

These curves a l s o  show a s ign i f i can t  e f f e c t  of the wing and f l aps  on the 
in t e rna l ly  generated Prop-Fan noise as a function of angular locat ion.  
I n  general  both the OASPL and PNL, which are  pr imari ly  control led by the 
mid-to-high frequency tone and broad band noise produced by the Prop-Fan, 
a re  a maximum with the f l aps  extended. This increase i n  the measured noise 

6 



U 
DlVlSON OF UNITED AIRCRAFT CORPORATON 

Standard HSER 5910 

can be a t t r i b u t e d  t o  both an increase i n  the i n t e r n a l l y  generated acoust ic  
power of the  Prop-Fan and r e f l e c t i o n  of i n t e r n a l l y  generated noise from 
the STOL wing. 

From these data the  maximum OASPL on a 10 foot  f lyover was  calculated f o r  
each t e s t  condition. 
curve : 

The r e s u l t s ,  as shown on Figure 14, follow a trend 

OASPL(m) = 61.6 + 22.7 log SHP k2.5 dB 

over the horsepower range shown which corresponds t o  a 6.8 dB increase i n  
OASPL(m) per doubling of horsepower. 
maximum PNL on a 10 foot  f lyover following a trend curve: 

Similarly,  Figure 1 5  shows the 

P N L ( m )  = 78.4 + 21 log SHP +2 dB 

over the horsepower range shown which corresponds t o  a 6.3 dB increase per 
doubling of horsepower. 

Both the f l a p  in t e rac t ion  and wing in t e rac t ion  noise ( i . e .  the difference 
between the  f l a p  extended noise l e v e l  and no wing noise l e v e l  and between 
the f l aps  r e t r ac t ed  noise l e v e l  and no wing noise l eve l )  i s  shown i n  
Figure 16 for  each combination of blade angle and t i p  speed for  the 10 foot -  
60" microphone loca t ion ,  which general ly  proved t o  be the  loca t ion  of maximum 
noise l eve l .  Another view of i n t e rac t ion  noise can be obtained by summing 
the one t h i r d  octave bands from 125 t o  400 Hz f o r  each t e s t  configuration as 
a function of angular pos i t ion .  This i s  shown i n  Figures 17 through 19 for  
each blade angle and t i p  speed. 

Again, s e l ec t ing  the  maximum noise loca t ion  (10 foot-60" microphone loca t ion) ,  
the e f f e c t  of the STOL wing and f l a p s  on the e n t i r e  frequency spectrum i s  
shown i n  one-third octave bands i n  Figures 20 through 25. These curves 
c l e a r l y  show the low frequency noise below 1 KHz generated by the  STOL wing 
and f l a p  as wel l  as t h e i r  e f f e c t  on the  Prop-Fan tone noise. It should 
be noted that the change i n  tone l e v e l  due t o  the STOL wing/flap configuration 
may be caused by a d i r e c t i v i t y  s h i f t  as we l l  as r e f l e c t i o n  and reinforcement 
from the wing i t s e l f .  This can be observed i n  the  e r r a t i c  d i r e c t i v i t y  
pa t te rn  of Figure 26 f o r  the fundamental of blade passing frequency. 

Narrow band analyses of the 45" blade angle, 683 f t / s e c  t e s t  case as shown 
on Figures 27 through 29, c l e a r l y  show the tone content of the noise spectrum 
due t o  ro to r  blade loading ( ro to r  f i e l d )  and t o  f luc tua t ing  l i f t  on the 
s t a t o r s  due t o  wakes from the r o t o r  ( r o t o r / s t a t o r  i n t e rac t ion ) .  
r e l a t i v e l y  high fundamental tone,  as compared t o  the  data of Reference 1 
which showed suppression of the  fundamental tone due t o  the s t a t o r  count 
s e l ec t ion  can be a t t r i b u t e d  t o  the presence of the FTR immediately upstream 
of the Prop-Fan i n l e t  which prevented the desired uniform inflow conditions.  
Higher order harmonics, which tend t o  decrease i n  l e v e l ,  are c l e a r l y  evident 
past  the ten th  overtone i n  each case shown. 

The 
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Further l imited analysis  of these curves show not only an increase i n  the 
l o w  frequency noise f loo r  ( in t e rac t ion  noise) due t o  the presence of the 
STOL wing and f l a p s ,  but a l s o  an increase i n  the broad band noise by as 
much as 10 dB from 1.5K t o  4 KHz and from gK t o  12 KHz. 

Comparison of the one-third 'octave band curve with the  narrow band curve, 
as shown i n  Figure 30 f o r  the 45" blade angle, 683 f t / s e c  t i p  speed t e s t  
condition with f l aps  extended show the f'undamental of blade passing frequency 
and the f i rs t  two overtones dominating the noise l eve l s  i n  the respect ive 
one-third octave band while the broad band noise f loo r  contr ibutes  heavi ly  
elsewhere. Therefore, suppression of these tones,  which a re  located i n  the  
area of g rea t e s t  PNL weighting, w i l l  s i g n i f i c a n t l y  a id  i n  reducing perceived 
noise.  This curve a l s o  demonstrates t he  consistency between the  two types 
of analyses.  

I n  order t o  determine the e f f e c t  of the Prop-Fan i n s t a l l a t i o n  ( i . e .  locat ing 
the PTR upstream of the fan)  on the ove ra l l  noise ,  the  t e s t  data f o r  the  
Prop-Fan without the wing was compared t o  the data of Reference 1 f o r  four 
similar t e s t  cases.  The r e s u l t s ,  as  shown on Figures 31 and 32, indicate  
fair  agreement between t h e  two t e s t  programs. 
ove ra l l  noise i s  higher f o r  these l a t e s t  t e s t s ,  espec ia l ly  a t  t h e  locations 
of maximum noise (40"-70" from Prop-Fan e x i t ) .  

I n  general ,  however, the 
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TABLE 1 

PROP-FAN/STOL WING TEST CONDITIONS 

35 
35 
45 
45 
50 
50 
35 
35 
45 
50 
35 
35 
45 
45 
50 
50 

Tip Speed 
(Ft/Sec) 

5 94 
801 
600 
683 
598 
642 
5 98 
804 
685 
5 93 
600 
801 
598 
683 
599 
64 1 

STOL Wing 
Configuration 

Flaps Extended 

Flaps Retracted 

1 
N o  Wing 

1 
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TAl3LF: 2 

PROP-FAN/STOL WING NOISE TEST 
AMBIENT CONDITIONS 

Relative Barometric Wind 
Temp Humidity Pres sure Ve l o c i  t y  

- Test (OF) (%I ( In  Hg) (KTS ) 

Flaps Extended 19 50 30.10 5-10 

Flaps Retracted 19 50 30.10 5 -7 

No Wing 30 35 30.20 5 
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This sect ion contains the one-third octave band data for the sweep microphone, 
analyzed every 10" with a four second averaging time. 
continuous t o  zero degrees due t o  overloading of the microphone system caused 
by impingement of the Prop-Fan j e t  wake on the microphone. It should be 
noted tha t  the data below 100 Hz i s  not considered completely r e l i a b l e  
s ince t h i s  i s  the lower l i m i t  of the recording system frequency response 
(See Appendix B ) .  
influenced by t o t a l  system background noise as shown i n  Figures 27 through 29. 
A detai led discussion of system and da ta  accuracy is given i n  Appendix B. 

The data i s  not 

I n  addi t ion,  data a t  frequencies above 15 KHz are  
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INTRODUCTION 

The Prop-Fan/STOL Wing t e s t  da ta  i s  unique i n  t h a t  the t e s t  item i s  a simple 
aerodynamic configuration, the  t e s t  environment i s  close t o  idea l ,  and a 
range of operating conditions were tes ted .  In  order t o  make the da ta  from 
t h i s  program usefu l  t o  other acoust ic  inves t iga tors ,  an analysis  of the  
accuracy of the da ta  presented has been conducted. This analysis  which i s  
summarized below includes evaluation of: 
system frequency response, (2)  averaging time during data  reduction, 
and (3) influence of t o t a l  background noise on the  t e s t  data. 

(1) measurement and analysis  

SYSTEM FREQUENCY RESPONSE 

Pr ior  t o  t e s t i n g ,  t he  CEC VR3300 tape recorder frequency response was 
determined by recording o s c i l l a t o r  s igna ls  a t  various frequencies from 
100 t o  40 KHz a t  a constant input voltage and playing back on the  Hamilton 
Standard data  reduction system. Since both the narrow band and one-third 
octave band analyzers used f o r  data reduction were l imited t o  20 KHz, the 
t e s t  data was played back a t  one-half t he  tape speed used during recording 
t o  allow analysis  t o  40 KHz. Consequently, the frequency cha rac t e r i s t i c s  
were determined at 7 1/2 ip s .  
Since the  microphone of i n t e r e s t  required a nose cone windscreen t o  reduce 
wind  noise i n  the Prop-Fan wake, it is therefore  necessary t o  consider the 
microphone/windscreen response at zero degree incidence. 
as shown on Figure 2B, falls  o f f  rap id ly  from l5K t o  20 KHz. Past 20 KHz 
the response i s  unpredictable due t o  standing waves between t h e  nose cone 
housing and the microphone diaphragm. It should be noted t h a t  t he  data 
presented has not been corrected f o r  t h i s  va r i a t ion  i n  frequency response. 

Figure 1 B  shows the frequency response. 

This response, 

DATA REDUCTION AVERAGING TIME 

I n  analyzing the  sweep data, which was recorded from a microphone t raversing 
a t  approximately 0.5 degree per  second, it was necessary t o  s e l e c t  an 
averaging time which would minimize the s t a t i s t i c a l  e r ro r  without s ac r i f i c ing  
the d i r ec t iona l  character  of the data. 

For the data reduction using one-third octave f i l t e r s ,  an averaging time of 
four seconds was  se lec ted  t o  f a c i l i t a t e  data reduction while minimizing 
s t a t i s t i c a l  e r ro r .  I n  order t o  determine t h i s  e r r o r ,  a s ingle  four-minute 
s t a t iona ry  data point  was analyzed continuously using a four-second averaging 
time. The r e s u l t s ,  as shown on Figure 3B, ind ica te  the spread of data t o  
be 3 dB or l e s s  i n  a l l  but one of the one-third octaves considered. I n  l i k e  
manner, an averaging time of 0.5 second w a s  chosen for  the  narrow band 
(40 Hz constant bandwidth f i l t e r )  analysis .  

TOTAL BACKGROUND NOISE 

Prior  t o  each s e t  of t e s t s ,  background noise measurements were &de a t  
various input gain se t t i ngs  of the tape recorder s igna l  conditioners,  for 
each microphone. These recordings,  when played back through the  data 
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reduction system, include ambient acoust ic  noise as wel l  as the e l e c t r i c a l  
noise of the  recording system, playback system, and analyzer systen.  These 
t o t a l  background noise l eve l s  a re  shown on each of the narrow band curves 
of Figures 27 through 29. 
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